Brain abnormalities can also occur in people with CFEOM3. Some have abnormal development of the white matter, which is brain tissue containing nerve cell fibers (axons) that transmit nerve impulses. A particular form of CFEOM3, known as CFEOM3 with polymicrogyria, is characterized by abnormal development of the brain, in which the folds and ridges on the surface of the brain are smaller and more numerous than usual.
Tukel syndrome is characterized by missing fingers (oligodactyly) and other hand abnormalities in addition to problems with eye movement.
Frequency CFEOM1 is the most common form of congenital fibrosis of the extraocular muscles, affecting at least 1 in 230,000 people. CFEOM1 and CFEOM3 have been reported worldwide, whereas CFEOM2 has been seen in only a few families of Turkish, Saudi Arabian, and Iranian descent. Tukel syndrome appears to be very rare; it has been diagnosed in only one large Turkish family.
Causes
Several genes involved in CFEOM have been identified. Mutations in the KIF21A gene cause CFEOM1 and rare cases of CFEOM3; mutations in the TUBB3 gene cause CFEOM3 and rare cases of CFEOM1; a mutation in the TUBB2B gene causes CFEOM3 with polymicrogyria; and mutations in the PHOX2A gene cause CFEOM2. The genetic cause of Tukel syndrome is unknown. The CFEOM-related genes are important for growth or development of nerve cells (neurons).
Mutations in the KIF21A, TUBB3, or TUBB2B gene impair a process called axon guidance. Through this process, the specialized extensions of neurons (axons) are directed to their correct positions. Once in the right position, axons relay messages from the brain to muscles and sensory cells and back to the brain, which is critical for controlling muscle movement and detecting sensations such as touch, pain, and heat. As a result of these mutations, axons do not reach their proper locations. Nerves in the head and face (known as cranial nerves) that control muscles that move the eyes and eyelids are particularly affected, although other nerves can also be involved. Abnormal growth of cranial nerves impairs extraocular muscle function and leads to the characteristic features of CFEOM, including restricted eye movement and droopy eyelids. Problems with other nerves likely underlie additional neurological features in people with CFEOM3.
The protein produced from the PHOX2A gene is involved in neuron development, particularly of cranial nerves III and IV, which are necessary for normal eye movement. Mutations likely eliminate the function of the PHOX2A protein, which prevents the normal development of these cranial nerves and impairs control of the extraocular muscles.
Studies suggest that a gene associated with Tukel syndrome may be located near one end of chromosome 21. Some people with features of CFEOM do not have mutations in the genes mentioned above, indicating that other genes that have not been identified may also be involved in the condition.
Inheritance Pattern
The different types of CFEOM have different patterns of inheritance. CFEOM1 and CFEOM3 are inherited in an autosomal dominant pattern, which means one copy of the altered gene in each cell is sufficient to cause the disorder. In some cases, an affected person inherits the mutation from one affected parent. Other cases result from new mutations in the gene and occur in people with no history of the disorder in their family.
CFEOM2 is inherited in an autosomal recessive pattern, which means both copies of the gene in each cell have mutations. The parents of an individual with an autosomal recessive condition each carry one copy of the mutated gene, but they typically do not show signs and symptoms of the condition. Tukel syndrome also appears to have an autosomal recessive pattern of inheritance, although the genetic change responsible for this disorder is unknown. 
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